In arid and semi-arid regions of North West china, glacier-melt, seasonal snowmelt and rainfall are the primary sources of flow in the rivers that originate from alpine areas. Spring and summer peak flow resulting from snowmelt and rainfall, respectively, are the main characteristics of streamflow pattern. Because of the damages caused by the spring and summer peak flow, a better understanding of the streamflow pattern variation under future climate warming is crucial. To analyze the variation of streamflow pattern under climate warming, the Kaidu River and the Manasi River watersheds in northern and southern slopes of Middle Tianshan Mountains, located in Xinjiang were selected as study areas. These watersheds receive water from water sources in different proportions. A modified hydrological model was forced with metrological data from CIMP5 data set and the streamflow in Kaidu and Manasi River watersheds were simulated. The results indicate that one-peak-flow pattern is projected to turn to the two-peak-flow pattern in the Manasi River watershed in the future. The two-peak flow pattern will continue in the Kaidu River watershed, but the dominant peak flow will shift from summer to spring in future. This study provides useful information for water resources managers to take different actions to reduce damages caused by spring and summer peak flow under future climate warming.
INTRODUCTION
Alpine area is the source of rivers in arid and semi-arid regions of China. Glacier melt water, seasonal snow melt water, rainfall, and groundwater are the main water sources for streamflow in alpine areas (Ji and Luo 2013; Xu et al. 2008; Yang and Cui 2005) . The contributions of these water sources shape the seasonal distribution of annual streamflow (Zhang et al. 2016a ) and influence the streamflow patterns. The changes in streamflow pattern such as spring peak flow and summer peak flow have implications for flood and water management (Forsee and Ahmad, 2011) . Temperature and precipitation are two sensitive factors in influencing the contribution of different water sources to streamflow in alpine areas (Zhang et al. 2016a ). Precipitation taking place as rainfall contributes to the streamflow directly; while that taking place as snowfall accumulates as snowpack . Temperature influences the contributing time of glacier/snowpack-melt-water to streamflow (Kuusisto 1984; Kalra et al. 2013a) . Under climate warming, a variation of temperature and precipitation may alter the pattern of streamflow (Dawadi and Ahmad 2012) . In order to prevent the flood damages Simonovic, 2001, 2006; Mosquera-Machado and Ahmad 2007) and better manage the water resources (Ahmad and Prashar 2010; Wu et al., 2013; Qaiser et al., 2011 Qaiser et al., ,2013 Dawadi and Ahmad 2013) , understanding of the variation of streamflow pattern in the future is necessary. Several researchers have evaluated the changes in stream flow in response to climate variability (Pathak et al. 2016a and b; Tamaddun et al. 2016a and b; Sagarika et al. 2014, 2015a and Kalra et al. 2013 b and c) .
Middle Tianshan Mountains (42°N to 44°30′N and 82°E to 86°30′E) is the origination location of some large rivers in Xinjiang. Two rivers originate from Middle Tianshan Mountains: the Kaidu River in southern slope and the Manasi River in northern slope (Figure1). Obstructed by the mountain, the flow of air moisture that forms precipitation in northern and southern slopes is different. The annual precipitation is about 450 mm in northern slope as the windward slope, while less than 200 mm in southern slope as the leeward slope (Zhao et al. 2011) . Meanwhile, the annual glacier melt-water accounts for 14.1% in southern slope (Shi 2014) while that accounts for 34.6% in northern slope (Zhang et al. 2009 ). The contributions of different water sources to streamflow lead to different streamflow pattern in northern and southern slopes of Middle Tianshan Mountains. The Kaidu River have spring peak flow caused by seasonal snowmelt water and summer peak flow caused by heavy rainfall Zhang et al. 2016a) , while the Manasi River only has summer peak flow caused by heavy rainfall and glacier-melt-water (Zhang et al. 2016a) . watershed.
In Middle Tianshan Mountains, the meteorologic and hydrologic stations are scarce with a short historical observation record in alpine regions. There is only one meteorological station -Bayinbuluk station (2458 m above the sea level) and one hydrological station -Dashankou station (1400 m above the sea level) with long historical data in the Kaidu River watershed; while one meteorological and hydrological station at Kensiwate (885 m above the sea level) with long historical data above the mountain pass in the Manasi River watershed. The shortage of data brings difficulties in studying hydrological process and streamflow pattern variation. Various hydrological models have been used to analyze the runoff process in Middle Tianshan Mountains. Recently, SRM and its different modified versions (Dou et al. 2011; Yu et al. 2013; Li et al. 2014) , SWAT (Yu et al. 2011; Ji and Luo 2013) , HVB-ETH (Yang et al. 2012) , Digital filtering method (Li et al. 2012; Fan et al. 2013 ) and System dynamics model (Zhang et al. 2016a,b) have been used to simulate the streamflow in Middle Tianshan Mountains. However, these studies mostly focused on streamflow simulation, rarely considering the variation of streamflow pattern in the future in response to climate change. In order to analyze the variation of streamflow patterns in northern and southern slopes of Middle Tianshan Mountains in the future, a modified hydrological model was used to simulate the streamflow and to evaluate the streamflow pattern in the Kaidu River and Manasi River watersheds.
METHODOLOGY AND DATA
A modified SDHydro model (Zhang et al. 2016b ) was used to simulate the runoff in both southern and northern slopes of Middle Tianshan Mountains. The model was developed using five tanks: snow storage, canopy interception storage, surface soil water storage, subsurface soil water storage and groundwater storage (Li and Simonovic 2002) . The modifications include snowmelt rate estimation and water infiltration and percolation rate simulation (Zhang et al. 2016b) . Using the modified SDHydro model, Zhang et al. (2016a & b) simulated the streamflow in the Kaidu and Manasi River watersheds and concluded that modified SDHydro model can simulate the streamflow reasonably well. In order to analyze the variation of streamflow pattern in the future, the same model with the same parameter set was used to project the streamflow in both watersheds.
Climatic data from Coupled Model Intercomparison Project Phase 5 (CMIP5) models were used to simulate the runoff in both watersheds. Correlation coefficients and slope coefficients between observed and different CMIP5 models' historical climatic data were used as criteria to assess CMIP5 models' applicability in the study area. CanESM and BNU-ESM were selected for this study according to the criteria combined with the data availability for downloading. Three scenarios (Representative Concentration Pathway 2.6 (RCP 2.6); 4.5 (RCP 4.5) and 8.5 (RCP 8.5) ) for CanESM and BNU-ESM were used in this study to generate climatic data and estimate the changes in annual and seasonal runoffs in the Kaidu River and Manasi River watersheds in the future i.e., from 2006 to 2100. The spatial resolution of both models is 2.8125°×2.8125°. The future temperature and precipitation datasets in the Kaidu River and Manasi River watersheds were interpolated using the nearest-neighbor interpolation method. The future runoff in both watersheds was projected by using temperature and precipitation from CanESM and BNU-ESM as the inputs to the modified SDHydro model.
RESULTS AND DISCUSSION
Using the modified SDHydro model, the streamflow in the future has been simulated from 2006 to 2100. The projected annual runoff, spring runoff, and summer runoff are shown in Figure 2 , Figure 3 and Figure 4 , respectively to reflect the patterns of the streamflow.
The volume of the annual runoff in the Kaidu River was approximately three times greater than that in the Manasi River (Figure 2) . The variation trend of the future annual runoff in both watersheds was analyzed using the Mann-Kendall method. The runoff have a significant increasing trend (p<0.05) under scenario RCP 2.6, RCP 4.5 and RCP 8.5 of CanESM in the Kaidu River watershed. The annual runoff in the Manasi River watershed have a significant increasing trend (p<0.05) only under scenario RCP 2.6, but no significant trends were detected under scenario RCP 4.5 and RCP 8.5 of CanESM. For BNU-ESM model, the runoff under all scenarios in the Kaidu River watershed have no significant trend. The annual runoff in the Manasi River watershed have a significant decreasing trend (p < 0.05) under scenario RCP 8.5, but no significant trends were detected under scenario RCP 2.6 and RCP 4.5. The volume of the spring runoff in the Kaidu River was about 5 times greater than that in the Manasi River (Figure. 3). The spring runoff accounted for about 42% of annual runoff in the Kaidu River watershed, but only about 27% in the Manasi River watershed. For CanESM model, spring runoff experienced a significant increasing trend (p < 0.05) in the Kaidu River watershed in the future for RCP 2.6, RCP 4.5 and RCP 8.5 scenarios. In the Manasi River watershed, a significant increasing trend was noted for spring runoff (p < 0.05) under scenario RCP 4.5 and RCP 8.5, but no significant trend was noted under scenario RCP 2.6. For BNU-ESM model, no significant trends were detected in the Kaidu River under scenario RCP 2.6, RCP 4.5 and RCP 8.5. However, a significant increasing trend (p<0.05) was noted in the Manasi River under scenario RCP 2.6 and RCP 8.5, but there was no significant trend under scenario RCP 4.5. The volume of summer runoff in the Kaidu River was about 1.45 times greater than that in the Manasi River, as illustrated in Figure. 4. The summer runoff accounts for approximately 30% of annual runoff in the Kaidu River, while about 64% in the Manasi River. For CanESM model, summer runoff experienced a significant increasing trend (p<0.05) in the Kaidu River in the future for RCP 2.6, RCP 4.5 and RCP 8.5 scenarios. In the Manasi River, a significant increasing trend (p<0.05) was noted for summer runoff under RCP 2.6, but a significant decreasing trend was noted under RCP 4.5 and RCP 8.5 scenarios. For BNU-ESM model, summer runoff in the Kaidu River experienced a decreasing trend under RCP 2.6 and increasing trend under scenarios RCP 8.5. However, no significant trend was detected under scenario RCP 4.5. In the Manasi River, summer runoff had a significant decreasing trends (p<0.05) under scenarios of RCP 2.6, RCP 4.5 and RCP 8.5.
Variations of projected annual runoff, spring runoff and summer runoff under CanESM and BNU-ESM models in the future were different in the Kaidu River and the Manasi River. For Kaidu river, annual stream flow was increasing under all scenarios for CanESM model. However there were no trends for BNU-ESM model. Overall, no significant trends were detected in future annual runoff in Manasi River for both models. Spring runoff showed a significant increasing trend in the Kaidu River for all scenarios of CanESM model and no significant trends for BNU-ESM model. Spring runoff showed a significant increasing trend in the Manasi River for both models. The future summer runoff showed a significant increasing trend for Kaidu River for CanESM model but no significant trends for BNU-ESM model. The trend in spring runoff is similar to that of the summer runoff in the Kaidu river for CanESM model. The future summer runoff showed a significant decreasing trend in the Manasi River for both models.
The changes of spring and summer runoff can better reflect the changes in spring and summer peak flow. In the Kaidu River watershed, increased spring runoff and summer runoff may cause serious damages if a flood happens in the future. The magnitude of spring runoff and summer runoff in the future indicated that the two-peak-flow pattern will continue in the Kaidu River watershed. However, the dominance of the summer peak flow will be replaced by the spring peak flow in the future. In the Manasi River watershed, annual runoff has no significant change, but spring runoff has increasing trend while summer runoff has decreasing trend. The change in the runoff distribution within a year indicates the one-peak-flow pattern of the runoff in the Manasi River watershed will shift to two-peak flow pattern in the future. Under climate warming, glacier shrinks the predominant position of glacier-melt-water and rainfall contributing to a runoff in the Manasi River will be replaced by seasonal snowmelt water and rainfall as that in the Kaidu River watershed.
CONCLUSION
Rivers in an alpine area receive water from different sources, i.e., glacier melt , seasonal snowmelt , rainfall, and groundwater. The different contribution rate of water sources influences the pattern of streamflow. Spring peak flow influenced by snowmelt water combined with summer peak flow determined by heavy rainfall is the main characters of streamflow pattern. Damages caused by the spring and summer peak flow made the research of the streamflow pattern variation crucial under climate warming. In order to analyze the variation of streamflow pattern, especially the variation of spring and summer peak flow in northern and southern slopes of Middle Tianshan Mountains in the future, a modified SDHydro model was selected to simulate the streamflow. The Kaidu River in southern slopes and the Manasi River in northern slope were chosen as the study area. Climatic datasets from CanESM and BNU-ESM of CMIP5 were used as the inputs of the modified SDHydro model.
Under climate warming in the future, the one-peak-flow pattern in northern slope watershed will turn into the two-peak-flow pattern while the two-peak-flow pattern will remain in southern slopes watershed. The dominant position of the summer peak flow will be replaced by the spring peak flow in the southern slope of Middle Tianshan Mountains. The changing intra-annual runoff pattern in northern and southern slopes of Middle Tianshan Mountains provides useful information to water resource managers for water allocation and management in the future.
Precipitation is the main contributor to streamflow. The intra-annual variation of precipitation greatly influences the streamflow pattern. However, interannual and intra-annual variations of precipitation are diverse under different CMIP5 models, which may primarily influence the variation of simulated streamflow. More CMIP5 models should be used in the analysis to better understand the influence of different CMIP5 models on streamflow.
